This study was designed to investigate the social characteristics associated with the height of primary schoolchildren aged from 5 to 11. Data were analysed for 8491 representative sample children measured in England and Scotland in 1987 and 3203 inner city children measured in England in 1987. Height was negatively associated with social class but the association was not significant after allowing for biological variables. A negative gradient of height with size of sibship was evident in white children but was less so in AfroCaribbean and Asian children. The individual associations of 11 different environmental characteristics were examined after allowing for biological factors and size of sibship. Consistent associations with height included a negative gradient of height with increasing latitude and an association of taller stature with increasing maternal age. A social class gradient in height is accounted for by associations with biological factors, particularly the parental heights; environmental attributes are weakly associated with height after allowing for biological factors.
Children's height is a sensitive indicator of their physical wellbeing, and has been recommended as a measure of their nutritional state.' Associations between height and environmental characteristics have been investigated as possible indications of adverse influences on growth. In such investigations a number of variables including the paternal social class2-7 and employment,5 the family size,4 5 the number of parents at home,8 and the presence of overcrowding8 have been used to characterise social conditions during childhood.2 A gradient associating height with social class has been documented both in adults3 and children,4-7 but the existence of a gradient does not itself indicate a direct influence on growth. An association between height and a given social characteristic is difficult to interpret because of the number of confounding variables among the social characteristics of the child's environment and between social and biological factors. It is necessary to adjust for confounding variables with multiple regression analysis but this raises the question: what confounding variables should be allowed for in such analyses?
The National Study of Health and Growth is a surveillance study which was set up in 1971 to monitor the growth of primary schoolchildren in England and Scotland.9 In 1983 a second (inner city) sample was recruited.8 Reports from this study have shown associations between height and a number of characteristics of the social environment including paternal social class and employment,5 8 type of school meals,'0 presence of overcrowding in the home, and the educational attainment of the mother. 8 The selection of variables for inclusion in these analyses has, however, been inconsistent.
We therefore undertook the present analyses to examine the problem of confounding variables in more detail. We aimed to define the variables that should be included in analyses and to re-examine the association between children's height and paternal social class for children living in England and Scotland in 1987 and 1988.
Subjects and methods

SUBJECTS
Two samples were recruited into the National Study of Health and Growth. The initial sample included children from schools in 22 employment exchange areas in England and 14 in Scotland, which were selected by stratified random sampling.9 The characteristics of children from this sample are similar to those of the general population,8 11 and the sample will be referred to as 'representative' in this paper.
The inner city (selective) sample was selected by identifying 10 electoral wards in England with high incidences of overcrowding, male unemployment, or shared household amenities. In addition five wards were selected each of which had a high proportion of families from Asian backgrounds, and five each of which had a high proportion of families from AfroCaribbean backgrounds. The wards that were selected because of their ethnic composition are also inner city areas with characteristics of deprivation. For the present analysis, data measured in 1987 were analysed for the inner city sample and data measured in 1988 for the English representative sample together with that measured in 1987 and 1988 for the Scottish children. Data for the small number of nonwhite children in the representative sample were exluded from analysis as were data from children aged less than 5 or over 11 years on their last birthday.
METHODS
The methods used in the survey have been described previously.9 Children were measured at school by school nurses, 10% of measurements were checked by a full time fieldworker from the study team. Height was measured using a portable Holtain stadiometer to the last complete 0-1 cm. ' The independent associations between explanatory variables and height SD scores were estimated by multiple linear regression analysis. To take into account the potential for mutual confounding of the variables, the analysis was undertaken in three stages. Firstly, the unadjusted association between paternal social class and the children's height was examined. Secondly, a model was constructed to include all the biological variables that were independently associated with height. This model included the parental heights, the child's birthweight, the reported length of pregnancy, the birth order and the child's ethnic group (for the inner city sample). The country of residence was also included in this model for the represenTabk I Height SD score by paternal social class in the representative sample and the ethnic groups of the inner city sample.
Values are expressed as unadjusted mean (SE) height SD score tative sample. The sibship size was also included in this model because of its strong association with children's height. The resulting model was used to adjust individually the associations of each of the remaining social characteristics with height SD score. Finally all these social variables were included simultaneously and their independent effects assessed using a stepwise procedure with backward elimination of the least associated variable at each step. A conservative probability of 010 was used to retain variables in this model. ' Among English representative sample children there was a significant gradient in height with paternal social class (F=4-42; df 4,5112, p=0001) (table 1). Children living in Scotland were shorter than English children (F=6-13, df 1,8489, p=0-013). The association of height and paternal social class was also significant for Scottish children (F=3-21, df 4,3369, p= 0-012). For the inner city sample there was also a gradient of height by paternal social class, although this was not independent of ethnic group (table 1) . White inner city children were shorter than white representative sample children allowing for differences in social class (F= 35-61, df 1,9869, p<0 001).
Adjusting for biological variables (parental heights, length of pregnancy, birth weight, and ethnic group) eliminated the association between social class and height in England and Scotland. Additional analyses showed that adjusting for parental heights alone was sufficient to account for the social class gradient in height. Adjusting for parental heights alone also accounted for the difference in height between the representative sample and inner city white children in each social class category, but differences in height between the ethnic groups remained significant after adjusting for parental heights (F=31-74, df 6,11680, p<0Q001) .
Both the birth order and size of sibship were associated with children's heights. Height increased with increasing birth order (after adjusting for size of sibship) but the effect of size of sibship was quantitatively more important. In both England and Scotland there was a negative association between size of sibship and height SD score ( (inner city sample) are shown in table 3. For the representative sample shorter stature was associated with younger maternal age at the child's birth and with the mother not being currently employed. The latitude of residence was also associated with height. The use of the stepwise procedure resulted in the selection of the parental heights, the child's birth weight, length of pregnancy, size of sib- ship, latitude and country of residence, maternal age, and employment position as significant associations of height (table 4) . For the inner city sample, after adjusting for biological factors, ethnic group and size of sibship, taller stature was associated with: father currently employed, mother currently employed, older age of the mother, non-manual occupation of the mother, and the mother working more than 25 hours/week outside the home. Shorter stature was associated with the receipt of benefits including free school meals and with increasing latitude or longitude of the study area (table 3) . The use of the stepwise procedure resulted in the selection of the parental heights, the child's birth weight, the length of pregnancy, the birth order, size of sibship, ethnic group (interacting with size of sibship), maternal age, type of school meals, and latitude and longitude of residence as significant associations with height (table 5) .
Discussion
These data show that the heights of primary schoolchildren vary according to country of residence, ethnic group, and paternal social class. The analysis was designed to identify environmental characteristics that were independently associated with height.
In the representative sample a large proportion of the explained variation in children's heights is accounted for in association with parental heights.4 5 For the inner city sample the associations of birth weight and parental heights accounted for a smaller proportion of the variation in children's heights.8 This may be partly accounted for by the greater variation in the child's social and ethnic background but it has also be shown that the validity of the parents' self reported heights is less among the inner city sample.'4 After allowing for parental heights, birth weight, length of pregnancy, and country or ethnic group, the gradient in height with social class was not significant; these biological factors account for much of the social class variation in children's height.
The association between the heights of parents and children is well documented and is compatible with a genetic mechanism.'5 The influence of a common family environment cannot be discounted,'6 but the finding of a strong parent-child association in height that accounts for the social class gradient tends to argue against an immediate environmental cause of social class differences in height during childhood. There is evidence that selection of social class by height does occur,'7 but social mobility also seems to have a quantitatively small effect in determining social class gradients in height. 8 There does not seem to be a strong intergenerational association for birth weight,'9 but environmental factors may have important influences on growth in the antenatal period and account for some of the variation in height at older ages.20 Although there is an association between increasing birth order and increasing height,2' our findings show that this is less important than the negative association with size of sibship. Birth order was not selected as having an independent association with height for the representative sample, and was only weakly associated with height when selected by the stepwise procedure for the inner city sample. The pattern of association between the number of children in the family and height varied between the different ethnic groups. In each of the samples of white children (English representative, English inner city, and Scottish) height diminished with increasing family size. Among Afro-Caribbean children and Asian children the gradient of height with size of sibship was reduced or absent.
The mechanism for the effect of family size on height is not well established. It has been suggested that economic factors are responsible,2 smaller amounts of poorer quality food being available to children from larger families.22 In the National Study of Health and Growth a higher proportion of children in the ethnic minority groups come from larger families.8 The finding that the gradient of height with size of sibship is less in these groups suggests that the patterns of child care are also differently associated with family size in the ethnic groups. Simons (in a study of Sikhs living in London) found that although actual family size was not significantly greater than that of the white population, Sikhs preferred larger families including male children.23 Thus one characteristic of larger families from the ethnic minorities that might distinguish them from white families is that they are planned.
After allowing for biological factors, ethnic group, and family size the association of other social characteristics of the children were of small magnitude. More were significant in the inner city sample than in the representative sample. The age of the mother at the time of the child's birth was significantly associated with height in each of the samples and was consistently selected by the stepwise procedure. There was a gradient of increasing height with increasing age of the mother at the time of the child's birth. This association was reported previously by the National Study of Health and Growth5 and has been described in other surveys. 4 24 The recent trend towards increasing maternal age25 may be one of the factors associated with the secular trend towards increasing height in Britain.26 It is also relevant that there is a trend towards decreasing postneonatal mortality with increasing maternal age, and this observation is also compatible with an effect of maternal age on child care.27
Paternal unemployment is known to be associated with children's height,5 but in these analyses we found that this association was not significant in the representative sample after adjusting for parental heights, birth weight, length of pregnancy, size of sibship, birth order, and country of residence. The effect of maternal employment on children's development has been the subject of debate. 28 29 Here, the employment position of the mother was associated with taller stature of primary school children. The receipt of free school meals was strongly associated with shorter stature for children in each sample but after adjustment this was significant only in the inner city sample.
In each of the samples, children's height diminished with increasing latitude of the study area, which is consistent with the gradient observed in the adult population.30 In the inner city sample height kept a negative association with latitude after adjusting for confounding variables, but for the representative sample the direction of the gradient was reversed after this adjustment. The gradient in height with latitude in this sample is thus more than accounted for by the other confounding variables.
Size of sibship is the social characteristic showing the strongest association with height, although the nature of this association depends on the ethnic background. Other social characteristics were of only marginal importance. Among the variables examined, the age of the mother at the time of the child's birth and the latitude of residence were consistently associated with height across the two samples. The receipt of free school meals and nonemployment of the mother were also associated with shorter stature. These analyses help to characterise the variables that should be included in adjustment for confounding, when attempting to characterise influences on growth during childhood; they also emphasise the greater importance of biological compared with social factors as influences on height for children living in England and Scotland.
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